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Abstract
Connecting star and planet properties in a single model is not straightforward. Stellar population synthesis models are key to
explore combined statistical constraints from star and planet observations. The Besançon stellar population synthesis model
(e.g. Robin et al., 2003; Lagarde et al., 2017) includes now the stellar evolutionary tracks computed with the stellar evolution
code STAREVOL (e.g. Lagarde et al., 2012; Amard et al., 2016). It provides the global (M, R, Te, etc) and chemical properties
of stars for 54 chemical species. It enables to study the dierent galactic populations of the Milky Way (the halo, the bulge,
the thin and thick disc) and a specic observational survey. Here, we couple the Besançon model with a simple stoichiometric
model (Santos et al., 2017) in order to determine the expected composition of the planet building blocks (PBB). We investigate
the trends and correlations of the expected chemical abundances of PBB in the dierent stellar populations of the Milky Way
(Cabral et al., 2018).
1 Introduction
Future spatial missions (TESS, CHEOPS, PLATO and
JWST) will improve considerably our understanding of the
formation of planetary systems. Exploring connections be-
tween star and planet properties provide key constrains on
planet formation models. Currently, space-based (Kepler,
CoRoT) and ground-based exoplanet surveys (HARPS) have
shown that the presence of planetary companions is closely
linked to the metallicity and the chemical abundances of
the host stars (e.g. Adibekyan et al., 2015). Moreover, TESS,
CHEOPS, and JWST are expected to bring huge improve-
ments in our characterization of planets. The asteroseismic
survey PLATO will provide stellar properties with high ac-
curacy (Rauer et al., 2014; Miglio et al., 2017).
Planet properties are observed to correlate with metallicity
and specic elemental ratios of the host stars. Moreover, the
dierent stellar populations in our Galaxy are characterized
by dierent metallicities and alpha abundances due to their
dierent way and epoch of formation and chemical evolution
(Haywood et al., 2013). Thus, the dierent stellar galactic
populations could produce planets with very dierent prop-
erties.
Stellar synthetic models are particularly useful to analyse
star-planet correlations in the Milky Way. In line with the
previous work of Santos et al. (2017), we explore statisti-
cal trends of the PBB composition in the dierent galactic
populations. We use the Besançon Galaxy Model (BGM) to
simulate the global and chemical properties of stars in dif-
ferent populations (Lagarde et al., 2017). We then apply the
stoichiometric model from Santos et al. 2017 to these syn-
thetic populations. This allows us to give robust predictions
of the PBB for the whole Milky Way. The development of
such a coherent and integrated model is important to prepare
the interpretation of future large scale surveys of exoplanets
search.
2 Numerical model
2.1 The Besançon Galaxy Model
The Besançon stellar populations synthesis model provides
the global (e.g., M, R, Te) and chemical properties of stars
for 54 chemical species. Four populations are considered: the
halo, the bulge, the thin and thick disks. For each one we
assume dierent initial mass functions (IMF) and dierent
formation and evolution histories. In each case, the IMF is
a three-slopes power law. The star formation history (SFH)
and the IMF of the thick disk and halo have been set from
comparisons to photometric data from 2MASS and SDSS sur-
veys (Robin et al., 2014). The star formation rate, in the thin
disk population, is assumed decreasing exponentially with
time (Aumer & Binney, 2009). The parameters of the SFH
and the IMF of the thin disk have been t to the Tycho-2 cat-
alog (Czekaj et al. 2014).
The new version of the BGM includes a new grid of stellar
evolution models computed with the stellar evolution code
STAREVOL (e.g. Lagarde et al., 2012; Amard et al., 2016) for
stars with M ≥ 0.7 M Lagarde et al. (2017) and Lagarde
et al. (2018). These stellar evolution tracks have been com-
puted from the pre-main sequence to the early asymptotic
giant branch at six metallicities ([Fe/H]= 0.51, 0, -0.23, -0.54,
-1.2, -2.14), and at dierentα-enhancements ([α/Fe]=0.0, 0.15
and 0.30) to simulate all populations.
To determine the [α/Fe]-[Fe/H] trend, for the four galac-
tic populations, the data release 12 of the APOGEE spectro-
scopic survey (Majewski et al., 2017) has been used :
1
ar
X
iv
:1
90
2.
07
48
4v
1 
 [a
str
o-
ph
.E
P]
  2
0 F
eb
 20
19
Nahuel Cabral
[α/Fe] =

0.014 + 0.01406× [Fe/H]
+0.1013× [Fe/H]2 Thin disk, [Fe/H]<0.1
0 Thin disk, [Fe/H]>0.1
0.320− e(1.19375×[Fe/H]−1.6) Thick disk and bulge
0.3 Halo
(1)
An intrinsic Gaussian dispersion of 0.02 dex is added to
these relations. Moreover, we necessarily limit our calcula-
tions to the border of the stellar grid in metallicity and alpha
content -2.14<[Fe/H]<0.51 and 0<[α/Fe]<0.3 (see Fig. 1).
Figure 1: The [α/Fe] abundance as a function of [Fe/H] for
stars with d<50 kpc simulated with the BGM. Thin and thick
disks as well as bulge and halo are represented by red, blue,
green and yellow dots respectively. Black lines indicate the
selected population used in this study: -2.14<[Fe/H]<0.51 and
0<[α/Fe]<0.3.
2.2 Stoichiometric model
We use the stoichiometric model published in Santos et al.
(2017). In this simple model, the molecular abundances in
the protoplanetary disk, and their mass fraction, can be com-
puted from the stellar abundances of a handful of elements.
Fe, Si, Mg, O and C together with H and He control the
species expected from the equilibrium condensation of H2,
He, CH4, H2O, Fe, MgSiO3, Mg2SiO4 and SiO2 (Lodders,
2003; Bond et al., 2010). These compounds dominate the
rocky interior of Earth-like planet (see e.g. Sotin et al., 2007).
Since we limited our synthetic population to the borders
of the stellar grids (-2.14<[Fe/H]<0.51, 0<[α/Fe]<0.3) all sim-
ulated stars have 1<Mg/Si<2. We write here the inverted sto-
ichiometric relations corresponding to the case 1<Mg/Si<2
(assuming the equations on Appendix B of S17):
NMgSiO3 = 2NSi −NMg
NMg2SiO4 = NMg −NSi
NH2O = NO − 2NSi −NMg
NCH4 = NC
(2)
with NX the number of atoms of each specie X .
These relations enable the computation of the expected
mass fractions of PBB, the iron-to-silicate mass fraction
(firon) and the water mass fraction (fw) :
firon = mFe/(mFe +mMgSiO3 +mMg2SiO4 +mSiO2)
fw = mH2O/(mH2O +mFe +mMgSiO3 +mMg2SiO4 +mSiO2)
(3)
where mX = NX .µX with NX the number of atoms of
each species X and µX their mean molecular weights. The
total mass is given byMtot = NH .µH+NHe.µHe+NC .µC+
NO.µO +NMg.µMg +NSi.µSi +NFe.µFe.
3 Chemical trends of PBB in the Milky Way
We simulate the FGK sample to distances up to 50 kpc from
the Sun. This large volume covers the Milky Way up to the
external parts. Our simulation has a total of 4 850 600 000
stars: 42% from the thin disk, 27% from the thick disk, 30%
from the bulge, and 1% from the halo.
3.1 The water/iron valley
The synthetic population computed with the BGM pre-
dicts a distinct distribution between the thin disk stars with
iron-rich PBB, and other stellar populations with water-rich
PBB, implying a signicant dip in the number of stars around
firon∼28% and fw∼59% (Fig. 2). This "iron/water valley” re-
sults from the stellar alpha content distributions in the syn-
thetic stellar populations. Indeed, in Fig. 3 we show that
firon and fw are mainly function of [α/Fe]. Moreover, the
density of stars around solar metallicity and [α/Fe]∼0.1 is
smaller due to the known gap between the thin and the thick
disk. This gap translates into a bimodal distribution in the
firon and fw histograms. The synthetic population com-
puted with the BGM shows the presence of the "iron/water
valley” because of the clear dependence of firon and fw on
[α/Fe] (Fig. 3), and because of the known gap between the
thin and the thick disk on [α/Fe].
3.2 Expected exoplanets composition
From the expected chemical composition of planet build-
ing blocks we can discuss the expected exoplanets composi-
tion. The stoichiometric model (Santos et al., 2017) predicts
for the Sun firon∼33%, fw∼60% and fZ∼1.3%. These val-
ues of fw and fZ are in line with the values of fw=67.11% and
fZ=1.31% found by Lodders (2003). Moreover, firon∼3% is
consistent with the values observed in the meteorites and the
rocky planets of the solar system, Earth, Venus and Mars (see
e.g. Drake & Righter, 2002).
Figure 2 shows that the synthetic thin disk stars present
PBB chemical composition compatible with the values of the
solar system. Thus, the thin disk stars could produce plan-
ets with similar composition to the rocky planets of the so-
lar system. Metal-poor stars of the thick disk might produce
planets with lower iron mass. Similar results are obtained by
Santos et al. (2017) with HARPS observations. This should
have an impact on the radius of rocky planets. Indeed, a
low iron mass fraction may produce a smaller core (Valencia
et al., 2007). However, statistically the thick disc stars should
present much higher water mass fractions. It is worth noting
that, the bulge presents PBB compositions similar to the solar
ones, and should also be able to host rocky planets with solar-
system-like composition. Instead, halo stars should produce
water rich planets.
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Figure 2: Mass fraction distributions, firon (upper panel) and
fw (middle panel) for the four stellar populations of the Milky
Way: thin disk, thick disk, halo and bulge. We ran the model
up to distances of 50 kpc.
Figure 3: The iron-to-silicate mass fraction, firon (upper
panel), and the water mass fraction, fw (bottom panel) for
the four stellar populations of the Milky Way: thin disk, thick
disk, halo and bulge. We ran the model up to distances of 50
kpc.
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4 Conclusion
The dierent stellar populations we observe in our Galaxy
are characterized by dierent metallicities and alpha-element
abundances. We aim to build an integrated tool to predict the
planet building blocks composition as a function of the stellar
populations. We investigate the trends of the expected PBB
composition with the chemical abundance of the host star, in
dierent parts of the Galaxy, predicted by stellar population
synthesis. The new version of the BGM, including the simple
stoichiometric model derived by S17, appears as a powerful
tool to predict chemical composition of PBB. This may be
crucial to prepare interpretation of on-going and future large
scale surveys of exoplanet search.
We run the BGM to generate a synthetic sample of FGK
stars up to 50 kpc. This enables to establish general trends
for our Galaxy. The main results obtained in this work:
• Alpha content dependence: Iron and water mass
fractions, firon and fw , are mainly function upon
the initial alpha content [α/Fe] of the host stars. We
have shown that this dependence explains well the
iron/water valley.
• Iron/water valley: Since it exists a gap on [α/Fe] be-
tween the thin disk and the other galactic populations
(thick disk, bulge and halo), and because firon and fw
have a clear dependance on [α/Fe], our simulations
show an iron/water valley. The valley is predicted by
our simulations to be at firon∼28% and fw∼59%.
• PBB trends: Our simulations show that the thin disk
is expected to present iron rich and water poor PBB,
while the thick disk should have iron poor but water
rich PBB. Santos et al. 2017 found similar results
with the HARPS observations. Cabral et al. (2018),
with simulations of the solar neighborhood (d<100pc
and d<1kpc) conrm these general trends. The bulge
presents intermediate values of firon and fw , between
the ones of the thin and thick discs. Since its mass
fraction values overlap with the ones of the thin disc,
it could produce rocky planets with solar-system-like
composition.
We linked host star abundances and expected PBB com-
position in an integrated model of the Galaxy (Cabral et al.,
2018). Derived trends are an important step for statistical
analyses of expected planet properties. In particular, inter-
nal structure models may use these results to derive statisti-
cal trends of rocky planets properties, constrain habitability
and prepare interpretation of on-going and future large scale
surveys of exoplanet search.
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